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PRESSURE SENSITIVE ADHESIVES AND DAMPING CONSTRUCTIONS 

Background of the Invention 

5 fj^lH of the Invention 

This invention relates to pressure sensitive adhesives and tackified 
pressure sensitive adhesives. 

n^friprinn of the Background Art 

10 Acrylate pressure sensitive adhesives are well known in the art. 

Many of these adhesives are copolymers of an alkyl ester of acrylic acid and a minor 
portion of a polar co-monomer. Due to the presence of the polar co-monomer 
these adhesives generally do not adhere well to low energy and oily surfaces (e.g., 
surfaces having a critical surface tension of wetting of no greater than about 35 

15 dynes/cm). Although adhesion can be improved through addition of a tackifier, the 
degree of improvement is limited because most commercially available tackifiers are 
not miscible in the polar monomer-containing adhesive. 

Summary pf the ^ventipn 
20 In one aspect, the invention features a pressure sensitive adhesive 

that includes the polymerization product of: 

(a) 25-97 parts by weight of an acrylic acid ester of a monohydric 
alcohol whose homopolymer has a Tg less than 0°C; 

(b) 3-75 parts by weight of a non-polar ethylenically unsaturated 
25 monomer whose homopolymer has a solubility parameter of no greater than 10.50 

and a T g greater than 1 5°C; and 

(c) 0-5 parts by weight of a polar ethylenically unsaturated 
monomer whose homopolymer has a solubility parameter of greater than 10.50 and 
a T» greater than 15°C. The relative amounts of the acrylic acid ester, the non- 

30 polar ethylenically unsaturated monomer, and the polar ethylenically unsaturated 
monomer are chosen such that the 90° peel adhesion of the pressure sensitive 
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adhesive to a polypropylene surface is at least 2 lbs/0.5 in. after a 72 hour dwell at 
room temperature as measured according to Test Procedure B-I, infra . 

In second aspect, the invention features a pressure sensitive adhesive 
that includes the polymerization product of: 
5 (a) 25-97 parts by weight of an acrylic acid ester of a monohydric 

alcohol whose homopolymer has a Tg less than 0°C; 

(b) 3-75 parts by weight of a non-polar ethylenically unsaturated 
monomer whose homopolymer has a solubility parameter of no greater than 10.50 
and a T g greater than 15°C; and 

10 (°) °- 5 Parts by weight of a polar ethylenically unsaturated 

monomer whose homopolymer has a solubility parameter of greater than 1 0.50 and 
a T g greater than 15°C. The relative amounts of the acrylic acid ester, the non- 
polar ethylenically unsaturated monomer, and the polar ethylenically unsaturated 
monomer are chosen such that the 90° peel adhesion of the pressure sensitive 

15 adhesive to a surface provided with 1 .5 ± 0.25 mg/in2 oil is greater than zero after a 
10 second dwell at room temperature as measured according to Test Procedure fi- 
ll, infm. 

In a third aspect, the invention features a pressure sensitive adhesive 

that includes: 

20 (a) the polymerization product of: 

(i) 25-98 parts by weight of an acrylic acid ester of a monohydric 
alcohol whose homopolymer has a T g less than 0°C; 

(ii) 2-75 parts by weight of a non-polar ethylenically unsaturated 
monomer whose homopolymer has a solubility parameter of no greater than 10.50 

25 and a T g greater than 1 5°C; 

(Hi) 0-5 parts by weight of a polar ethylenically unsaturated 
monomer whose homopolymer has a solubility parameter of greater than 1 0.50 and 
a T g greater than 15°C; and 

(b) at least one tackifier that is miscible in the polymerization 
30 product at room temperature. 
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By "irascible" it is meant that the final pressure sensitive adhesive 
does not exhibit macroscopic phase separation as evidenced by optical clarity at 
room temperature. 

In one preferred embodiment, the relative amounts of the acrylic acid 
5 ester, non-polar ethylenicatty unsaturated monomer, and polar ethylenically 
unsaturated monomer are chosen such that the 90° peel adhesion of the pressure 
sensitive adhesive to a polypropylene surface is at least 2 lbs/0.5 in. after a 72 hour 
dwell at room temperature as measured according to Jest Procedure Bl-III, infra. 

In another preferred embodiment, the relative amounts of the acrylic 

10 acid ester, non-polar ethylenically unsaturated monomer, and polar ethylenically 
unsaturated monomer are chosen such that the 90° peel adhesion of the pressure 
sensitive adhesive to a surface provided with 1 .5 ± 0.2S mg/in 2 of oil is greater than 
zero after a 10 second dwell at room temperature as measured according to Test 
Procedure B2-III, infra. 

1 5 The solubility parameter referred to herein is calculated according to 

the technique described in Fedors, Polym. Eng. and Sci., 14:147 (1974). A 
monomer whose homopolymer has a solubility parameter of greater than 10.50 
when measured according to the Fedors technique is referred to herein as a polar 
monomer, whereas a monomer whose homopolymer has a solubility parameter of 

20 10.50 or less when measured according to the Fedors technique is referred to herein 
as a non-polar monomer. 

The invention provides pressure sensitive adhesives and tackified 
pressure sensitive adhesives which, by virtue of incorporating a non-polar 
ethylenically unsaturated monomer and limiting the polar monomer content to no 

25 more than 5 parts, exhibit good adhesion to low energy (e.g., plastics such as 

polyolefin plastics) surfaces and oily surfaces. The adhesives exhibit good adhesion 
to high energy surfaces such as stainless steel as well. Because the non-polar 
monomer reduces the polarity of the adhesive, commercially available tackifiers 
(many of which have low polarity themselves) are miscible in the adhesives and thus 

30 may be used. Thus, rather than tailoring the tackifier to make it miscible with the 
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acrylate polymer, the invention tailors the properties of the acrylate polymer to 
make it miscible with the tackifier. 

The adhesives are less toxic than, e.g., adhesives containing polar 
heteroatom aciylates. The adhesives further exhibit good shear properties both at 
5 low and high temperatures, particularly when a small amount (no more than 5 parts) 
of a polar co-monomer is included. 

The adhesives offer the further advantage of reduced sensitivity to 
moisture and reduced tendency to corrode metals such as copper relative to 
pressure sensitive adhesives containing higher amounts of polar co-monomers. 
10 Furthermore, the adhesives interact to a lesser extent with polar additives and, in 
some cases, increase the solubility of non-polar additives compared to pressure 
sensitive adhesives containing higher amounts of polar co-monomers. 

Other features and advantages of the invention will be apparent from 
the following description of the preferred embodiments thereof, and from the 
IS claims. 

P^criptipp pf ft$ Preferred Embodiment? 
One class of pressure sensitive adhesives according to this invention 

displays good adhesion to both low energy surfaces such as polypropylene and high 
20 energy surfaces such as stainless steel. In both cases, the 90° peel strength after a 

72 hour dwell is at least 2 lbs/0.5 in., preferably at least 2.5 lbs/0.5 in., and more 

preferably at least 3 lbs/0.5 in. measured according to Test Procedure B-I, infra . 

The adhesives also display good cohesive strength properties as measured by the 

shear strength. Preferably, the shear strength at both room temperature and 70°C is 
25 greater than 50 minutes, more preferably greater than 1,000 minutes, and even more 

preferably greater than 10,000 minutes measured according to Test Procedure C-I, 

infra . 

A second class of pressure sensitive adhesives according to this 
invention displays good adhesion to oily surfaces (e.g., oily metal surfaces). 
30 Examples of oily surfaces include surfaces provided with mineral oil, emulsion oils, 
peanut oil, motor oil (e.g., 5W-30), WD40, and Ferricote 61 A US (Quaker 
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Chemical Co.) (a common protectant for cold rolled steel). The 90° peel adhesion 

to a surface provided with 1.5 ± 0.25 mg/in 2 oil after a 10 second dwell at room 
temperature is greater than zero, preferably at least 2 OZ./0.5 in., and more 
preferably at least 4 oz/0.5 in. measured according to Test Procedure B-II, infra . 
5 After a 1 minute dwell, the adhesion preferably builds to at least 5 oz/0.5 in. and 
more preferably to at least 10 oz/0.5 in. measured according to Test Procedure fi- 
ll, infra. The adhesives also display good cohesive strength properties as measured 
by the shear strength. Preferably, the shear strength at both room temperature and 
70°C is greater than 50 minutes, more preferably greater than 300 minutes, and 

10 even more preferably greater than 600 minutes. 

The tackified pressure sensitive adhesives of this invention display 
good adhesion to both low energy surfaces such as polypropylene, high energy 
surfaces such as stainless steel, and oily surfaces (e.g., oily metal). Examples of oily 
surfaces include surfaces provided with mineral oil, emulsion oils, peanut oil, motor 

15 oil (e.g., 5W-30), WD40, and Ferricote 61 A US (Quaker Chemical Co.) (a 
common protectant for cold rolled steel). 

The 90° peel adhesion to polypropylene or to steel after a 72 hour 
dwell at room temperature is at least 2 lbs/0.5 in., preferably at least 3 lbs/0.5 in., 
and more preferably at least 4 lbs/0.5 in. measured according to Test Procedure Bl- 

20 m, infra . The 90° peel adhesion to a surface provided with 1.5 ± 0.25 mg/in 2 of oil 
after a 10 second dwell at room temperature is greater than zero, preferably at least 
2 oz/0.5 in., and more preferably at least 4 OZ./0.5 in. measured according to Test 
Procedure B2-m, info. After a 1 minute dwell, the adhesion preferably builds to at 
least 5 oz/0.5 in. and more preferably to at least 10 oz/0.5 in. measured according 

25 to Test Procedure B2-m, infra . 

The tackified adhesives also display good cohesive strength 
properties as measured by the shear strength. Preferably, the shear strength at both 
room temperature and 70°C is greater than 50 minutes, more preferably greater 
than 1,000 minutes, and even more preferably greater than 10,000 minutes 

30 measured according to Test Procedures C 1 -III and C2-m, infra . 
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The properties of the pressure sensitive adhesives and tackified 
pressure sensitive adhesives according to the invention are achieved by controlling 
the monomelic composition to achieve the appropriate polarity (as measured by the 
solubility parameter of the homopolymers of the individual monomers determined 
5 according to the Fedors technique) and Theological properties (T g as measured by 

the 1 radian/second tan delta maximum temperature of the adhesive polymer). 

The ability to incorporate a tackifier increases the value of the peel 
strength beyond what it would be in the absence of the tackifier. The tackifier also 
increases "formulation freedom," i.e., the ability to adjust the properties of the 
1 0 adhesives for particular applications by introducing another variable, namely, the 
tackifier. 

A list of several common monomers and their respective Fedors* 
solubility parameters is shown in Table 1. Table 1 is subdivided into four sections: 
low Tg acryiate monomers, high Tg acryiate monomers, high Tg methacrylate 
1 S monomers, and vinyl monomers. 



TABLE 1: FEDORS' SOLUBILITY PARAMETERS 



Repeat Unit 


Solubility Parameter 
(cal/cm3)0.5 


Octadecyl acryiate (ODA) 


8 99 


Lauryl acryiate (LA) 


9 IS 


Iso-octyl acryiate (10 A) 


9.22 


2-ethylhexyl acryiate (2-EHA) 


9.22 


Butyl acryiate (B A) 


9.77 


Propyl acryiate (PA) 


9.95 


Ethyl acryiate (EA) 


10.20 


3,3,5 trimethylcyclohexyl acryiate 
(TMCA) 


9.35 


Iso-bomyl acryiate (IBA) 


9.71 


Cyclohexyl acryiate (CHA) 


10.16 


N-octyl acrylamide (NOA) 


10.33 


Tetrahydrofurfiiryl acryiate (THFA) 


10.53 


Methyl acryiate (MA) 


10.56 


Glycidyl acryiate (GA) 


11.32 


2-Phenoxyethylacrylate (2-PhEA) 


11.79 


N-vinylcaprolactam (NVC) 


12.10 ! 
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ixcpcai Willi 


^nliihilitv Parameter 

iicoj/cm ) 


XT XT r\tmA«kulA/»rulafMiflA /T*\jfA\ 

in, iN^Lnni etnyiacryiainiae (jjmaj 


lx.JZ 


N-vinyi-z-pyrroiiaone (NVi*) 


1 J.Jo 


Acrylic Aaa ^AA^ 


14.04 






Methylmethacryiate (MMA) 


9.93 


Ethylmethacrylate £EMA) 


9.72 


Propylmethacrylatc (PMA) 


9.57 1 






Vinyl Acetate 


10.56 


Styrene 


11.87 



The rheologicai character of the adhesive polymer can be partially 



but usefully described by the T g as measured by the 1 radian/second tan delta 
maximum temperature. In the case of adhesives designed for adhesion to low 
energy surfaces, it is preferable for the Tg as measured by the 1 radian/second tan 

5 delta maximum of the polymer to have a value between -45°C and 1 5°C, more 
preferably between -25°C and 0°C, and even more preferably between -20°C and - 
5°C. In the case of adhesives designed for adhesion to oily surfaces, it is preferable 
for the Tg as measured by the 1 radian/second tan delta maximum temperature of 
the polymer to have a value between -45°C and 15°C, more preferably between - 

10 35°C and 0°C, and even more preferably between -30°C and -5°C. 

In both cases, the adhesives according to the invention having the 
requisite polarity and rheologicai properties contain 25-97 parts (more preferably 
40-85 parts) of an acrylic acid ester whose homopolymer has a T g less than 0°C 
(more preferably less than -20°C), 3-75 parts (more preferably 15-60 parts) of a 

15 non-polar ethyl enically unsaturated monomer whose homopolymer has a Tg greater 
than 15°C, and 0-5 parts (more preferably 0-3 parts) of a polar ethylenically 
unsaturated monomer whose homopolymer has a Tg greater than 1 5°C. 

In the case of tackified pressure sensitive adhesives, it is preferable 
for the 1 radian/second tan delta maximum temperature of the polymer to have a 

20 value between -45°C and 15°C, more preferably between -25°C and 5°C, and even 
more preferably between -20°C and 0°C. The tackified adhesives according to the 
invention having the requisite polarity and rheologicai properties contain 25-98 
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parts (more preferably 70-97 parts) of an acrylic acid ester whose homopolymer has 
a Tg less than 0°C (more preferably less than -20°C), 2-75 parts (more preferably 3- 
30 parts) of a non-polar ethylenically unsaturated monomer whose homopolymer 
has a Tg greater than 1S°C, 0-5 parts (more preferably 0*3 parts) of a polar 
5 ethylenically unsaturated monomer whose homopolymer has a Tg greater than 

15°C, and one or more tackifiers. 

In all cases, the acrylic acid ester is a monofunctional acrylic ester of 
a monohydric alcohol having from about 4 to about 18 carbon atoms in the alcohol 
moiety whose homopolymer has a Tg less than 0°C. Included in this class of acrylic 

10 acid esters are isooctyl acrylate, 2-ethylhexyl aery late, isononyl aery late, isodecyl 
acrylate, decyl acrylate, lauryl acrylate, hexyl acrylate, butyl acrylate, and octadecy] 
acrylate, or combinations thereof. In the case of octadecyl acrylate, the amount is 
chosen such that side chain crystallization does not occur at room temperature. 

The non-polar ethylenically-unsaturated monomer is a monomer 

15 whose homopolymer has a solubility parameter as measured by the Fedors method 
of not greater than 10.50 and a T g greater than 15°C. In a preferred embodiment, 

the non-polar ethylenically-unsaturated monomer is a monomer whose 
homopolymer has a solubility parameter as measured by the Fedors method of not 
greater than 10.3, more preferably not greater than 9.9. The non-polar nature of 

20 this monomer improves the low energy surface adhesion and oily surface adhesion 
of the adhesive. It also improves the structural properties of the adhesive (e.g., 
cohesive strength) relative to a homopolymer of the acrylic acid ester described 
above. Examples of suitable non-polar monomers include 3,3,5 trimethylcyclohexyl 
acrylate, cyclohexyl acrylate, isobomyl acrylate, N-octyl acrylamide, t-butyl 

25 acrylate, methyl methacrylate, ethyl methacrylate, and propyl methacrylate or 
combinations thereof. 

The adhesive may contain a limited quantity (e.g., no more than 5 
parts) of a polar ethylenically unsaturated monomer whose homopolymer has a 
solubility parameter as measured by the Fedors method of greater than 10.50 and a 

30 T g greater than 15°C to improve structural properties (e.g., cohesive strength). It 
is not desirable to include more than 5 parts of the polar monomer because the polar 
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monomer impairs low energy surface adhesion and oily surface adhesion, and 
reduces tackificr miscibility. Examples of suitable polar monomers include acrylic 
acid, itaconic acid, certain substituted acrylamides such as N,N dimethylacryiamide, 
N-vinyl-2-pyrrolidone, N-vinyl caprolactam, acrylonitrile, tetrahydroflirfuryl 
5 acrylate, glycidyl aciylate, 2-phenoxyethyIactylate, and benzylacrylate, or 
combinations thereof. 

In the case of tackified compositions, the tackifier must be irascible 
with the acrylate-containing polymer of the adhesive such that macroscopic phase 
separation does not occur in order to improve the properties of the adhesive. 

10 Preferably, the adhesive is free of microscopic phase separation as well. Most 
commercially available tackifiers are hydrocarbon-based and thus of low polarity. 
Such tackifiers ordinarily are not miscible with conventional, polar monomer- 
containing adhesives. However, by incorporating a non-polar monomer into the 
adhesive (thereby increasing the non-polar character of the adhesive) the invention 

15 allows a variety of commercially available tackifiers to be used. The total amount 
of tackifier is preferably 5-60 parts per 100 parts acrylate-containing polymer, and 
more preferably about 15-30 parts. The particular amount of tackifier depends on 
the composition of the acrylate-containing polymer and is generally selected to 
maximum peel properties without compromising desired shear strength. 

20 Because the adhesives are preferably prepared by polymerizing the 

monomers in the presence of the tackifier according to a free radical process, it is 
further desirable to select a tackifier that does not substantially impede the 
polymerization process, e.g., by acting as a free radical scavenger, chain termination 
agent, or chain transfer agent. A measure of the ability of the tackifier to inhibit 

25 free radical polymerization in a bulk polymerization process for a given process 
condition is defined here as the "inhibition factor." The inhibition factor (IF) is 
determined from the monomer conversion test and is the ratio of (1) the percent 
volatiles of the tackified sample (G) less the percent volatiles of an identically 
formulated and processed sample without tackifier (C 0 ) and (2) the percent volatiles 

30 of an identically formulated and processed sample without tackifier (C 0 ). The 
inhibition factor equation is shown below: 
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(CrC 0 ) 
IF= 

C„ 

5 Although a wide variety of tackifiers may be used, in cases where 

free radical polymerization is involved the class of tackifiers known under the 
tradename Regalrez resins commercially available from Hercules are preferred. 
These tackifiers are produced by polymerization and hydrogenation of pure 
monomer hydrocarbon feed stock. Suitable resins include Regalrez resins 1085, 
10 1094, 6108, and 3102. 

The monomer mixture can be polymerized by various techniques, 
with photoinitiated bulk polymerization being preferred. An initiator is preferably 
added to aid in polymerization of the monomers. The type of initiator used depends 
on the polymerization process. Photoinitiators which are useful for polymerizing 

15 the acrylate monomers include benzoin ethers such as benzoin methyl ether or 
benzoin isopropyl ether, substituted benzoin ethers such as 2-methyI-2- 
hydroxylpropiophenone, aromatic sulfonyl chlorides such as 2-naphthalenesulfonyl 
chloride, and photoactive oxides such as I -phenyl- l,2-propanedione-2-(o- 
ethoxycarbony!)oxime. An example of a commercially available photoinitiator is 

20 Irgacure™ 65 1 available from Ciba-Geigy Corporation, having the formula 2,2- 
dimethoxy-l,2-dipheny!ethane-l-one). Generally, the photoinitiator is present in an 
amount of about 0.005 to 1 weight percent based on the weight of the monomers. 
Examples of suitable thermal initiators include AIBN and peroxides. 

The mixture of the polymerizable monomers may also contain a 

25 crosslinking agent, or a combination of crosslinking agents, to increase the shear 
strength of the adhesive. Useful crosslinking agents include substituted triazines 
such as 2,4,-bis(trichloromethyl)-6-(4-methoxy phenyl)-s-triazine, 2,4- 
bis(trichloromethyl)-6-(3,4-dimethoxyphenyl)-s-triazine, and the chromophore- 
substituted halo-s-triazines disclosed in U.S. Patent Nos. 4,329,384 and 4,330,590 

30 (Vesley). Other useful crosslinking agents include multifunctional alkyl acrylate 
monomers such as trimetholpropane triacrylate, pentaerythritol tetra-acrylate, 1,2 
ethylene glycol diacrylate, 1,4 butanediol diacrylate, 1,6 hexanediol diacrylate, and 
1,12 dodecanol diacrylate. Various other crosslinking agents with different 

-10- 



WO 96/16134 



PCT/US95/13186 



molecular weights between (meth)acrylate functionality would also be useful. 
Generally, the crosslinker is present in an amount of about 0.005 to 1 weight 
percent based on the combined weight of the monomers. 

Where a foam-like pressure sensitive adhesive tape is desired, a 
5 monomer blend containing microspheres may be used. Suitable microspheres are 
commercially available from Kema Nord Plastics under the trade name "Expancel" 
and from Matsumoto Yushi Seiyaku under the trade name "Micropearr. When 
exp"anded the microspheres have a specific density of approximately 0.02-0.036 
g/cc. It is possible to include the unexpanded microspheres in the pressure sensitive 

10 adhesive composition and subsequently heat them to cause expansion when they are 
appropriately processed, but it is generally preferred to mix the expanded 
microspheres into the adhesive. This process makes it easier to ensure that the 
hollow microspheres in the final adhesive are substantially surrounded by at least a 
thin layer of adhesive. 

IS Polymeric microspheres having an average diameter of 10 to 200 

micrometers may be blended into the polymerizable composition in amounts from 
about 15% to about 75% by volume prior to coating. Also useful are glass 
microspheres having an average diameter of from 5 to 200 micrometers, preferably 
from about 20 to 80 micrometers. Such microspheres may comprise 5% to 65% by 

20 volume of the pressure sensitive adhesive. Both polymeric and glass microspheres 
are known in the art. The pressure sensitive adhesive layer of the tape should be at 
least 3 times as thick as the diameter of the microspheres, preferably at least 7 
times. 

Other tape constructions in which the pressure sensitive adhesives 
25 according to the invention are useful include mechanical fasteners such as Dual* 
Lock™ brand fastener (Minnesota Mining and Manufacturing Co., St. Paul, MN) 
and Scotchmate™ brand fastener (Minnesota Mining and Manufacturing Co., St. 
Paul, MN). The pressure sensitive adhesives are also useful in vibration damping 
applications. 

30 Other materials which can be blended with the polymerizable 

monomers prior to coating include plasticizers, tackifiers, coloring agents, 
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reinforcing agents, fire retardants, foaming agents, thermally conductive agents, 
electrically conductive agents, post-curing agents, and post-curing agent curatives 
and their accelerators, and the like. 

The pressure sensitive adhesives according to the invention are 
5 preferably prepared by photoinitiated bulk polymerization according to the 
technique described in Martens et al., U.S. Patent No. 4,181,752. The 
polymerizable monomers and a photoinitiator are mixed together in the absence of 
solvent and partially polymerized to a viscosity in the range of from about 500 cps 
to about 50,000 cps to achieve a coatable syrup. Alternatively, the monomers may 

10 be mixed with a thixotropic agent such as fumed hydrophilic silica to achieve a 
coatable thickness. The crosslinking agent and any other ingredients (including any 
tackifiers) are then added to the prepolymerized syrup. Alternatively, these 
ingredients (including any tackifiers but with the exception of the crosslinking 
agent) can be added directly to the monomer mixture prior to pre-polymerization. 

15 The resulting composition is coated onto a substrate (which may be 

transparent to ultraviolet radiation) and polymerized in an inert fi e., oxygen free) 
atmosphere, e.g., a nitrogen atmosphere by exposure to ultraviolet radiation. 
Examples of suitable substrates include release liners (e.g., silicone release liners) 
and tape backings (which may be primed or unprimed paper or plastic). A 

20 sufficiently inert atmosphere can also be achieved by covering a layer of the 
polymerizable coating with a plastic film which is substantially transparent to 
ultraviolet radiation, and irradiating through that film in air as described in the 
aforementioned Martens et al. patent using ultraviolet lamps. Alternatively, instead 
of covering the polymerizable coating, an oxidizable tin compound may be added to 

25 the polymerizable syrup to increase the tolerance of the syrup to oxygen as 
described in U.S. Pat. No. 4,303,485 (Levens). The ultraviolet light source 
preferably has 90% of the emissions between 280 and 400 nm (more preferably 
between 300 and 400 nm), with a maximum at 351 nm. 

Tackifiers may also be added after polymerization of the acrylate 

30 monomers. 
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Where multi-layer tape constructions are desirable, one method of 
construction is multi-layer coating using conventional techniques. For example, the 
coatings may be applied concurrently (e.g., through a die coater), after which the 
entire multi-layer structure is cured all at once. The coatings may also be applied 
5 sequentially whereby each individual layer is partially or completely cured prior to 
application of the next layer. 

The compositions of the invention are also useful for damping 
vibrations when in contact with vibratoiy parts, especially when the vibratory parts 
are made of oily metals or polymeric materials. In addition to the adheaves 
10 described above, the vibration damping materials of the invention may not be 

pressure sensitive adhesives. The invention provides both a damping construction 
comprising at least one layer of an adhesive applied to a vibratory solid article, and 
a damping construction comprising at least one layer of a viscoelastic material 
applied to a vibratory solid article. 
15 The invention provides a damping construction comprising at least 

one layer of a viscoelatic material applied to a vibratoiy solid article, said 
viscoelastic material comprising the reaction product of starting materials 
comprising: 

(a) 3-97 parts by weight of an aciylic acid ester of a monohydric 
20 alcohol whose homopolymer has a T g less than 0°C; 

(b) 3-97 parts by weight of a non-polar ethylenically unsaturated 
monomer whose homopolymer has a solubility parameter of no greater than 10.50 
and a Tg greater than 15°C; and 

(c) 0-5 parts by weight of a polar ethylenically unsaturated monomer 
25 whose homopolymer has a solubility parameter of greater than 10.50 and a T g 

greater than 15°C, 

and substantially no epoxy component. In a preferred embodiment, 
the starting materials comprise from 25 to 97 parts by weight of component (a), 3 
to 75 parts by weight of component (b), and 0 to 5 parts by weight of component 
30 (c). 
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Vibration damping is measured in terms of the loss factor which is a 
ratio of the energy dissipated to the energy stored. The greater the amount of 
energy dissipated, the greater the loss factor, and therefore the better the damping 
properties of the material. Vibration dampers operate over a range of temperatures 
5 and the compositions can be formulated to provide optimal damping at a desired 
range of temperatures. 

The compositions can provide materials for vibration dampers that 
are pressure sensitive at room temperature, or are substantially non-tacky at room 
temperature, i.e., the sheet would not adhere instantly to a substrate at room 
10 temperature under finger pressure. Typically, the compositions having higher 

amounts of the nonpolar co-monomer having a homopolymer T g greater than 15°C, 

i.e. more than about 4S-S0 parts, depending upon the co-monomer, are not pressure 
sensitive at room temperature. If desired, a non-tacky damper can be adhered to a 
substrate by heating the substrate while in contact with the vibration damping sheet 

1 5 material, or the non-tacky damper may be adhered to the substrate with known 
adhesives, preferably rigid adhesives. 

Vibration dampers of the invention are not particularly moisture 
sensitive and can provide advantages in areas where the damper is exposed to the 
atmosphere, or where outgassing, usually caused by moisture absorbed by the 

20 damper, may be a concern. 

In practice, the compositions are typically formed into a sheet or a 
slab. The thickness of the sheet is determined to a large degree by the application, 
and useful thicknesses can range from about 0.015 mm to over 2.54 cm. The sheet 
can be applied to a constraining layer that is stiffer than the sheet to form a 

25 composite referred to as a constrained layer damper. Materials suitable for 

constraining layers are sheets of metal, such as aluminum and steel, and plastics, 
such as polyester. The constraining layer is generally selected so that the stiffness 
of the panel is greater than the stiffness, i.e., modulus, of the sheet material. 
Optimally, although not required, the stiffness of the panel is approximately equal to 

30 that of the object to be damped. The sheet can also be applied directly to the object 
to be damped as a free layer damper. 
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The vibration damping composites of the invention are particularly 
useful in automobile construction in which the composites can be applied directly to 
an automobile panel, such as a door panel, during the stamping stage without 
requiring cleaning and removal of the mill oils on the panel. During the stamping 
5 stage, the metal, usually cold rolled steel or aluminum, is still coated with mill oils 
used to prevent rust or oxidation. 

The sheet materials are also useful as vibration dampers, either as a 
constrained layer damper or as a free layer damper, for oily engine covers to damp 
vibrations and reduce the noise from the engine. Sheet materials of the invention 

10 are especially advantageous in that they can be applied to the cover without 

requiring tedious cleaning with solvents and/or detergents to remove the oil. In this 
application, the sheet materials do not need to be pressure-sensitive and can be 
applied by heating the engine cover above the T g of the damper. 

The vibration damping materials of the invention are also of use in 

IS damping applications where outgassing is of concern. Such applications include 
computer components such as in suspension dampers for the read/write head, free 
layer or constrained layer dampers for disk drive covers, or for sealing together the 
disk drive covers. The vibration dampers of the invention can be made without 
acid; they may be used advantageously where corrosion is a potential problem, such 

20 as on bare copper surfaces. 

Other useful applications of the invention include vibration damping 
for shock absorbers and seismic dampers for buildings. The sheet materials can be 
die cut to a desired shape, for example a donut shape or a circular disk, or they can 
be formed in a mold in the desired configuration, such as a molded slab. 

25 The invention will now be farther described by way of the following 

examples. 
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EXAMPLES 

I. Adhesives for Low Energy Surface 
Test Procedures-Low Energy Surface Adhesion 

Test procedures used in the examples to evaluate pressure sensitive 
5 adhesives useful for adhesion to low energy surfaces include the following. 

Monomer Conversion Test (Test P rocedure A-I) 
The monomer conversion was determined gravimetrically. A sample 
of the adhesive was weighed after it was coated and subsequently dried at 120°C 
10 for 3 hours and then re-weighed. The percent volatiles was taken to be indicative of 
the monomer conversion. 

90° Peel Adh esion Test (Test Procedure B-n 
One-half inch wide strips of the adhesive sample were carefully cut 

15 and placed onto the substrate of interest. The adhesive thickness was 5 mils. A 5 
mil anodized aluminum backing (0.625 in, wide) was then laminated to the adhesive 
which is approximately 5 inches long. Test substrates of interest included low 
energy surfaces such as polypropylene (2 W x 5" x 3/16" natural polypropylene panels 
from Precision Punch and Plastic, Minneapolis, MN, with a mask on both sides that 

20 is removed prior to cleaning and testing) and polycarbonate (Lexan™ from General 
Electric Co.), and high energy surfaces such as stainless steel (304-2BA 28 gauge 
stainless steel with a surface roughness of 2.0 ± 1.0 microinches). A free end of the ~ 
backing to which the adhesive was laminated extended beyond the test substrate so 
that it could be clamped to a load cell to determine peel strength. 

25 The sample was rolled back and forth twice with a 2 kg hard rubber 

roller to ensure contact between the adhesive and the test substrate.. The adhesive 
was then removed after a given dwell time (usually 72 hours unless otherwise 
noted) at 127minute in a 90° peel mode. 

The stainless steel substrates were washed once with acetone and 3 

30 times with a 50/50 isopropanol/water mixture prior to testing. The plastic 
substrates were washed 3 times with heptane prior to testing. The results are 
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reported in lbs/0.5 in. width as the average of 2 tests. All tests were conducted at 
room temperature. 

Shear Test (Test Procedure C-tt 
5 A 0.5 inch strip of tape was adhered to a piece of stainless steel 

(304-2BA 28 gauge stainless steel with a surface roughness of 2.0 ± 1.0 
microinches) which had been cleaned once with acetone and 3 times with 50/50 
isopropanol/water such that a one-half square inch overlap was accomplished. A 
piece of 5 mil anodized aluminum (0.625 in. wide) was then laminated to the entire 

10 area of the pressure sensitive adhesive, leaving an additional area to which a load 
could be applied. The adhesive thickness was 5 mils. The sample was then rolled 
back and forth twice with a 15 pound roller and allowed to dwell for four hours. 
The 70°C samples were allowed to dwell for an additional 10 minutes. After 
dwelling the sample was tested at either room temperature or 70°C. At room 

15 temperature a 1 kg load was applied to the adhesive and the time before the load 
fell was recorded. At 70°C a 500g load was applied to the adhesive and the time 
before the load fell was recorded. The results are reported as the average of 2 tests. 

Comparative Examples-Low Energy Surface Adhesion 

20 Comparative Example CI 

A premix was prepared using 90 parts isooctyl acrylate (IOA), 10 
parts acrylic acid (AA), and 0.04 parts 2,2-dimethoxy-2-phenylacetophenone 
photoinitiator (Irgacure TM 651, available from Ciba Geigy Corp.) This mixture 
was partially polymerized under a nitrogen-rich atmosphere by exposure to 

25 ultraviolet radiation to provide a coatable syrup having a viscosity of about 3000 
cps. 0.15 parts of 2,6-bis-trichloromethyI-6-(4-methoxphenyl)-s-triazine and an 
additional 0. 16 parts of Irgacure™ 65 1 were added to the syrup and it was then 
knife coated onto a silicone-treated polyethylene-coated paper release liner at a 
thickness of 5 mils. The resulting composite was then exposed to ultraviolet 

30 radiation having a spectral output from 300-400 nm with at maximum at 35 1 nm in 
a nitrogen-rich environment. An intensity of about 1.0 mW/cm 2 was used for the 
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first one-third of the exposure time and an intensity of about 2.2 mW/cm 2 was used 
for the second two-thirds of exposure time, resulting in a total energy of 250 
mJ/cm 2 . The adhesive was then tested according to the test methods listed above 
and the results are shown in Table 1-2. The designation "RT W means room 
5 temperature. 

Comparative Examples C2 and C3 
Comparative example C2 was prepared in the same way as 
comparative example CI except that a premix of 94 parts of IOA and 6 parts of AA 
10 was used. Comparative example C3 was prepared in the same way as comparative 
example CI except that a premix of 100 parts of IOA and 0 parts of AA was used. 
Comparative examples C2 and C3 were tested according to the test methods listed 
above and the results are shown in Table 1-2. 

15 TABLE 1-2 



Ex. 


Stainless 
Steel Peel 
Strength 


Poly- 
propylene 
Peel 
Strength 


R.T. Shear 
(Minutes) 


70° Shear 
(minutes) 


Percent 
Conversion 


CI 


5.33 


0.43 


10,000+ 


10,000+ 


>98.5% 


C2 


3.73 


1.29 


10,000+ 


10,000+ 


>98.5% 


C3 


1.35 


1.53 


2 


3 


>98.5% 



Examples-Low Energy Surface Adhesion 

Examples 1-23 

20 Example 1 was prepared in the same way as comparative example 

CI except the premix consisted of 66 parts IOA, 33.5 parts isobomyl acrylate 
(IBA), and 0.5 parts of AA. In addition, 0.09 parts of 2,6-bis-trichloromethyl-6-(4- 
methoxyphenyl)-s-triazine were added after the premix was partially polymerized. 
The composite was exposed to ultraviolet radiation having a spectral output from 

25 300-400 nm with at maximum at 35 1 nm in a nitrogen-rich environment at an 
average intensity of about 2.05 mW/cm 2 The total energy was 650 mJ/cm 2 
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Example 2 was prepared in the same way as Example 1 except a 
premix consisting of 69 parts 10 A, 30 parts IB A, and 1 part AA was used. 

Example 3 was prepared in the same way Example 1 except a premix 
consisting of 65.5 parts IOA, 34.25 parts IB A, and 0.25 parts AA was used. 
5 Example 4 was prepared in the same way as Example 1 except a 

premix consisting of 65 parts IOA and 35 parts IBA was used and 0.05 parts of 2,5- 
bis-trichloromethyl-6-{4-methoxyphenyl)-s-triazine was used. 

Example 5 was prepared in the same way as Example 4 except a 
premix of 55 parts IOA and 45 parts (3,3,5-trimethylcyclohexyl acrylate (TMCA) 
10 was used. 

Example 6 was prepared in the same way as Example 5 except 0. 10 
parts of 2,6-bis-trichloromethyM^-methoxyphenyl)-s-triaane was used. 

Example 7 was prepared in the same way as Example 1 except a 
premix of 72 parts of IOA, 27 parts of IBA, and 1 part of AA was used. 
15 Example 8 was prepared in the same way as Example 1 except a 

premix of 66 parts of IOA, 33 parts of IBA, and 1 part of AA was used. 

Example 9 was prepared in the same way as Example 1 except a 
premix of 63 parts of IOA, 36 parts of IBA, and 1 part of AA was used. 

Example 10 was prepared in the same way as Example 1 except a 
20 premix of 70.75 parts of IOA, 29 parts of TMCA, and 0.25 parts of AA was used. 

Example 11 was prepared in the same way as Example 1 except a 
premix of 64.5 parts of IOA, 35 parts of TMCA, and 0.5 parts of AA was used. 

Example 12 was prepared in the same way as Example 1 except a 
premix of 49 parts of IOA, 51.5 parts of cyclohexyl acrylate (CHA), and 0.5 parts 
25 of AA was used. 

Example 13 was prepared in the same way as Example 1 except a 
premix of 80 parts of IOA, 19.5 parts of N-octylacrylamide (NOA), and 0.5 parts of 
AA was used. 

Example 14 was prepared in the same way as Example 6 except a 
30 premix of 90 parts IOA, 10 parts IBA, and 0.5 parts AA was used. 
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Example 1 S was prepared in the same way as Example 6 except a 
premix of 80 parts 10 A, 20 parts IB A, and O.S parts AA was used. 

Example 16 was prepared in the same way as Example 6 except a 
premix of 70 parts IOA, 30 parts IBA, and 0.5 parts AA was used. 
5 Example 17 was prepared in the same way as Example 6 except a 

premix of 90 parts IOA, 10 parts TMCA, and 0.5 parts AA was used. 

Example 1 8 was prepared in the same way as Example 6 except a 
prehiix of 80 parts IOA, 20 parts TMCA, and 0.5 parts AA was used. 

Example 19 was prepared in the same way as Example 6 except a 
10 premix of 70 parts IOA, 30 parts TMCA, and 0.5 parts AA was used. 

Example 20 was prepared in the same way as Example 6 except a 
premix of 60 parts IOA, 40 parts TMCA, and 0.5 parts AA was used. 

Example 21 was prepared in the same way as Example 6 except a 
premix of 55 parts IOA, 45 parts TMCA, and 0.5 parts AA was used. 
15 Example 22 was prepared in the same way as Example 6 except a 

premix of 50 parts IOA, 50 parts CHA, and 0.5 parts AA was used. 

Example 23 was prepared in the same way as Example 6 except a 
premix of 45 parts IOA, 55 parts CHA, and 0.5 parts AA was used. 

The data of Examples 1-23 are shown in Table 1-3. In the table "St. 
20 St. M refers to stainless steel. The designation "n.t." means not tested. The 

designation "RT M means room temperature. The designation "(1/2) M means that 1 
of the 2 samples tested passed the test. The samples for peel testing in Examples 4 
and 5 were prepared using a 15 lb roller. A 24 hr. dwell period was used. Because 
Examples 13, 14, 17, 18, 22, and 23 do not meet the minimum peel adhesion 
25 requirement, they are included here as further comparative examples. 
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TABLE 1-3 



Ex. 


StSt. 


Polyprop 


Polycarb. 


RT 
Shear 


70°C 
Shear 


% Conv. 


1 


3.10 


3.11 


4.93 


10K+ 


10K+ 


>98.5°/o 


2 


3.34 


2.62 


4.29 


10K+ 


10K+ 


>98.5% 


3. 


3.41 


3.35 


4.39 


- 10K+ 


10K+ 


>98.5% 




3.50 


2.80 


4.81 


1409 


51 


>98.5% 


>5 


3.08 


2.74 


nt 


2960 


143 


>98.5% 


6 


3.22 


2.45 


4.20 


1138 


324 


>98.5% 


7 


3.28 


2.48 


nt 


10K+ 


10K+ 


>98.5% 


8 


3.21 


2.04 


nt 


10K+ 


10K+ 


>98.5°/o 


9 


3.14 


2.12 


nt 


10K+ 


10K+ 


>98.5% 


10 


3.18 


2.43 


nt 


3375 


10K+ 


>98.5% 


11 


2.39 


2.08 


2.92 


10K+ 


10K+ 


>98.5% 


12 


3.56 ! 


2.52 


3.68 


3960 


10K+ 


>98.5% 


13 


2.10 


1.71 


2.61 


2334 


10K+ 


>98.5% 


14 


1.49 


1.57 


nt 


1207 


10K+ 
(1/2) 


>98.5% 


15 


1.84 


1.85 


nt 


3133 


10K+ 


>98.5% 


16 


2.23 


2.28 


nt 


10K+ 
(1/2) 


2058 


>98.5% 


17 


1.65 


1.87 


nt 


1103 


10K+ 


>98.5% 


18 


1.65 


1.89 


nt 


3747 


10K+ 


>98.5% 


19 


1.89 


2.16 


nt 

< 


10K+ 
(1/2) 


10K+ 


>98.5% 


20 


2.31 


2.41 


nt 


10K+ 


10K+ 


>98.5% 


21 


1.90 


2.69 


nt 


10K+ 


10K+ 


>98.5% 


22 


2.87 


1.18 


nt 


10K+ 


10K+ 


>98.5% 


23 


3.53 


0.95 


nt 


10K+ 


10K+ 


>98.5% 



The data of Table 1-3 shows that the adhesion to low energy 
5 surfaces like polypropylene can be increased without decreasing the adhesion to 
high energy surface such as stainless steel as was observed in the comparative 
examples of Table 1-2. In addition the data of Table 1-3 shows that desirable 
cohesive strength properties can also be achieved in the pressure sensitive adhesives 
of this invention. 

10 
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II. Adhesives for Oilv Surface Adhesion 
Test Procedurcs-Oilv Surface Adhesion 

Test procedures used in the examples to evaluate pressure sensitive 
adhesives useful for adhesion to oily surfaces include the following. 

5 

MoPPmer Conversion Test (Test Procedure A-m 
The monomer conversion was determined gravimetrically. 3 in. by 3 
in. samples were laminated to a piece of aluminum foil, weighed, and placed in a 
forced air oven at 250°F for 90 min. Samples were then equilibrated at room 
10 temperature and reweighed for weight loss. The percent volatiles was taken to be 
indicative of the monomer conversion. 

90° Peel Adhesion Test f Test Procedure B-Ttt 
One-half inch wide pieces of samples were cut out and laminated to 

15 5 mil thick anodized aluminum which was 0.625 in. wide. The adhesive thickness 
was 5 mils. The release liner was then removed from the adhesive and the samples 
were placed onto either a stainless steel substrate (304 stainless steel with a #7 
finish) or a cold rolled steel substrate (20 gauge cold plate CRS 1018 with mil] 
finish). The stainless steel substrate was cleaned prior to application of adhesive by 

20 wiping once with acetone and 3 times with heptane. The cold rolled steel substrate 
was cleaned prior to application of adhesive by wiping once with acetone. 

Prior to application of the adhesive, an excess of mineral oil was 
applied to each cold rolled steel substrate with a small piece of cheese cloth and 
then removed to leave a coating of oil that was 1.5 ± 0.25 mg/in. 2 . A free end of 

25 the backing to which the adhesive was laminated extended beyond the test substrate 
so that it could be clamped to a load cell to determine peel strength. The sample 
was rolled back and forth twice with a 4.5 lb roller to ensure contact between the 
adhesive and the test substrate. The adhesive was then removed after a given dwell 
time (10 sec, 1 minute, or 24 hours) at 127minute in a 90° peel mode. 
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The values reported are in oz/0.5 in. and represent the average peel 
values (based on two tests) obtained between 1 and 4 inches on a 5 inch peel 
sample. All tests were done at room temperature. 

5 Shear Tsst (Tefl Procedure C-H) 

One-half inch wide pieces of samples were cut out and laminated to 
5 mil thick anodized aluminum which was 0.625 in. wide. This construction was 
placed on stainless steel panels (304 stainless steel with a #7 finish) that had been 
cleaned by wiping once with acetone and 3 times with heptane. Placement was 

10 such that a 1.0 in. x 0.S in. adhesive sample (adhesive thickness = S mils) was in 
contact with the panel. The adhesive sample was rolled back and forth twice with a 
4.5 lb roller, with some excess material overhanging the sample for attachment of 
the weight. The samples were then allowed to dwell for 24 hours before the weight 
was hung on the samples. The 70°C samples were further allowed to dwell for an 

15 additional 10 minutes in the oven before the weight was applied. For the room 
temperature samples, a 1000 g weight was used, whereas for the 70°C samples a 
500 g weight was used. 

The shear data are reported in minutes until the weight fell and 
represent the average of two tests. 



20 



25 



Phase Separation (Test Procedure D-II) 
The presence or absence of phase separation was judged by the 
optical clarity of the resulting polyaoylate/tackifier blend. The visual observation 
of opacity was taken to be indicative of a phase separation. 



Comparative Examples-O ily Surface Adhesion 

Comparative Example CI 
94 parts iso-octyl acrylate (IOA) and 6 parts acrylic acid (AA) were 
mixed together in ajar under a constant nitrogen purge along with 0.4 parts of 2,2- 
30 dimethoxy-2-phenylacetophenone photoinitiator (Irgacure™ 65 1, available from 
Ciba Geigy Corp.) This mixture was partially polymerized under a nitrogen-rich 
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atmosphere to provide a coatable syrup having a viscosity of about 3000 cps. 0.16 
parts of 2,4-bis(trichloromethyi)-6-(3,4-dimethoxyphenyI)-s-triazine and an 
additional 0.16 parts of Irgacure™ 651 were added to the syrup and it was then 
knife coated onto a release coated paper backing at a thickness of 5 mils. The 
5 resulting coating was then exposed to ultraviolet radiation having a spectral output 
from 300-400 ran with a maximum at 351 nm in a nitrogen-rich environment. An 
intensity of about 2.05 mW/cm 2 was used for a total dosage of 650 mJ/cm 2 . The 
resulting adhesive was then tested according to the test methods listed. 

10 Comparative Examples C2 and C3 

Comparative example C2 was prepared in the same way as 
comparative example CI except that a premix of 10 parts AA and 90 parts IOA was 
used. In addition, 0.12 parts triazine was used. Comparative example C3 wis 
prepared in the same way as comparative example CI except that a premix of 14 

1 5 parts AA and 86 parts IOA was used. 



Examples-Oily Surface Adhesion 

Examples 1-20 

Example 1 was prepared in the same way as comparative example 
20 CI except the premix consisted of 25 parts N-octyl acrylamide (NOA) and 75 parts 
lauryl acrylate (LA). The NDA was heated to about 40°C prior to syruping and 
coating. In addition, 0.08 parts of 2,4-bis-trichloromethyl-6-(3 > 4- 
dimethoxyphenyl)-s-triazine were added after the premix was partially polymerized. 

Example 2 was prepared in the same way as example 1 except that 
25 the premix consisted of 35 parts NOA and 65 parts LA. The NOA was heated to 
about 40°C prior to syruping and coating. In addition, 0. 12 parts of 2,4-bis- 
trichloromethyl-6-(3,4-dimethoxyphenyl)-s-triazine were added after the premix 
was partially polymerized. 

Example 3 was prepared in the same way as example 1 except that 
30 the premix consisted of 45 parts NOA and 55 parts LA. The NOA was heated to 
about 40°C prior to syruping and coating. 
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Example 4 was prepared in the same way as example 1 except that 
the premix consisted of 25 parts iso-bornyl acrylate (IB A) and 75 parts IOA. 

Example 5 was prepared in the same way as example 1 except that 
the premix consisted of 30 parts IB A and 70 parts LA 
5 Example 6 was prepared in the same way as example 1 except that 

the premix consisted of 40 parts IB A and 60 parts LA. In addition, 0.12 parts of 
2 > 6-bis-trichloromethyl-6-(3,4-dimethoxyphenyl)-s-triazine were added after the 
premix was partially polymerized. 

Example 7 was prepared in the same way as example 1 except that 
1 0 the premix consisted of 30 parts IB A and 70 parts iso-decyl acrylate (IDA). 

Example 8 was prepared in the same way as example 1 except that 
the premix consisted of 40 parts IB A and 60 parts IDA. In addition, 0. 12 parts of 
2,4-bis-trichloromethyl-6-(3,4-dimethoxyphenyl)-s-tria2ine were added after the 
premix was partially polymerized. 
15 Example 9 was prepared in the same way as example 1 except that 

the premix consisted of 40 parts IB A, 15 parts IOA, and 45 parts LA. In addition, 
0.12 parts of 2,4-bis-trichloromethyl-6-(3,4-dimethoxyphenyl)-s-triaane were 
added after the premix was partially polymerized. 

Example 10 was prepared in the same way as example 1 except that 
20 the premix consisted of 35 parts NOA, 1 5 parts IOA, and 50 parts LA. The NOA 
was heated to about 40°C prior to syruping and coating In addition, 0. 12 parts of 
2,4-bis-trichloromethyl-6-(3,4-dimethoxyphenyl)-s-triazine were added after the 
premix was partially polymerized. 

Example 1 1 was prepared in the same way as example 1 except that 
25 the premix consisted of 35 parts NOA, 35 parts IOA, and 30 parts LA. The NOA 
was heated to about 40°C prior to syruping and coating. In addition, 0. 12 parts of 
2,4-bis-trichloromethy l-6-(3 ,4-dimethoxyphenyl)-s-triazine were added after the 
premix was partially polymerized. 

Example 12 was prepared in the same way as example 1 except that 
30 the premix consisted of 35 parts NOA, 45 parts IOA, and 20 parts LA. The NOA 
was heated to about 40°C prior to syruping and coating. In addition, 0.12 parts of 
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2,4-bis-trichloromethyl-6-(3,4-dimethoxyphenyl)-s-triazine were added after the 

premix was partially polymerized. 

Example 13 was prepared in the same way as example 1 except that 

the premix consisted of 35 parts IBA, IS parts IOA, and SO parts octadecyl acrylate 
S (ODA). In addition, 0.12 parts of 2,4-bis-trichloromethyl-6-(3,4-dimethoxyphenyl)- 

s-triazine were added after the premix was partially polymerized. 

Example 14 was prepared in the same way as example 1 except that 

the premix consisted of 35 parts IBA, 35 parts IOA, and 30 parts ODA. In 

addition, 0.12 parts of 2,4-bis-trichloromethyl-6-(3,4-dimethoxyphenyl)-s-triazine 
10 were added after the premix was partially polymerized. 

Example 15 was prepared in the same way as example 1 except that 

the premix consisted of 35 parts IBA, 45 parts IOA, and 20 parts ODA. In 

addition, 0.12 parts of 2,4-bis-trichloromethyl-6-(3,4-dimethoxyphenyl)-s-triazine 

were added after the premix was partially polymerized. 
15 Example 16 was prepared in the same way as example 1 except that 

the premix consisted of 30 parts NOA, 40 parts IOA, and 30 parts ODA. The NOA 

was heated to about 40°C prior to syruping and coating. In addition, 0. 12 parts of 

2,4-bis-trichloromethyl-6-(3,4*dimethoxyphenyl)-s-triazine were added after the 

premix was partially polymerized. 
20 Example 17 was prepared in the same way as example 1 except that 

the premix consisted of 67 parts IOA, 32.5 parts IBA, and 0.5 parts AA. In 

addition, 0.12 parts of 2,4-bis-trichloromethyl-6-(3,4-dimethoxyphenyl)-s-triazine 

were added after the premix was partially polymerized. 

Example 18 was prepared in the same way as example 1 except that 
25 the premix consisted of 69 parts IOA, 30 parts IBA, and 1 part AA. In addition, 

0.12 parts of 2,4-bis-trichloromethyl-6-(3,4-dimethoxyphenyl)-s-triazine were 

added after the premix was partially polymerized. 

Example 19 was prepared in the same way as example 1 except that 

the premix consisted of was 71 parts IOA, 27 parts IBA, and 2 parts AA. In 
30 addition, 0. 1 2 parts of 2,4-bis-trichloromethyl-6-(3,4-dimethoxyphenyl)-s-triazine 

were added after the premix was partially polymerized. 
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Example 20 was prepared in the same way as example 1 except that 
the premix consisted of 76 parts 10 A, 21 parts IRA, and 3 parts AA. In addition, 
0.12 parts of 2,4^is-trichloromethyl-6^3,4-dimethoxyphenyl)-s-triaa 
added after the premix was partially polymerized. 
5 The data of Examples 1 -20, as well as comparative examples C 1 , 

C2, and C3, are shown in Table II-2. The designation "DNS" means the adhesive 
did not stick to the substrate. The designation "nt" means not tested. 
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IR Tackified Pressure Sensitive Adhesive* 
Test Procedures-Tackified Pressure Sensitive Adhesives 

Test procedures used in the examples to evaluate tackified pressure 
sensitive adhesives include the following. 

5 

, . Monomer Conversion Test Hest Procedure A1-TTT) 

x * The monomer conversion was determined gravimetrically. A sample 

of the adhesive was weighed after it was coated and subsequently dried at 120°C 
for 3 hours and then re-weighed. The percent volatiles was taken to be indicative of 
1 0 the monomer conversion. 

Monomer Con version Test (Test Procedure A2-IID 
The monomer conversion was determined gravimetrically; 3 in. by 3 
in. samples were laminated to a piece of aluminum foil, weighed, and placed in a 
1 5 forced air oven at 250°F for 90 min. Samples were then equilibrated at room 

temperature and re-weighed for weight loss. The percent volatiles was taken to be 
indicative of the monomer conversion. 

90° Peel Adhesion Test fTest Procedure Bl-III) 
20 One-half inch wide strips of a 5 mil adhesive sample were carefully 

cut and placed onto the substrate of interest. A 5 mil anodized aluminum backing, 
0.625 in, wide, was then laminated to the adhesive which is approximately 5 inches 
long. Test substrates of interest included low energy surfaces such as 
polypropylene (2 M x 5" x 3/1 6" natural polypropylene panels available from 
25 Precision Punch and Plastic, Minneapolis, MN, having a mask on both sides that is 
removed prior to cleaning and testing) and polycarbonate (Lexan™ available from 
General Electric Co.), and high energy surfaces such as stainless steel (304-2BA 28 
gauge stainless steel with a surface roughness of 2.0 ± 1 .0 microinches). A free end 
of the backing to which the adhesive was laminated extended beyond the test 
30 substrate so that it could be clamped to a load cell to determine peel strength. The 
sample was rolled twice back and forth with a 2 kg hard rubber roller to ensure 
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contact between the adhesive and the test substrate. The adhesive was then 
removed after a given dwell time (usually 72 hours unless otherwise noted) at 
127mmute in a 90° peel mode. The ped data are reported in lbs/0.5 in. width, and 
represent the average of two tests. 
5 The stainless steel substrates were washed once with acetone and 3 

times with a 50/50 isopropanol/water mixture prior to testing. The plastic 
substrates were washed 3 times with heptane prior to testing. 

00° Peel Adhesion Test fTest Procedure B2-ITO 

10 One-half inch wide pieces of samples were cut out and laminated to 

5 mil thick anodized aluminum which was 0.625 in. wide. The adhesive thickness 
was 5 mils. The release liner was then removed from the adhesive and the samples 
were placed onto either a stainless steel substrate (304 stainless steel with a #7 
finish) or a cold rolled steel substrate (20 gauge cold plate CRS 101 8 with mill 

15 finish). The stainless steel substrate was cleaned prior to application of adhesive by 
wiping once with acetone and 3 times with heptane. The cold rolled steel substrate 
was cleaned prior to application of adhesive by wiping once with acetone. 

Prior to application of the adhesive, an excess of mineral oil was 
applied to each cold rolled steel substrate with a small piece of cheese cloth and 

20 then removed to leave a coating of oil that was 1.5 ± 0.25 mg/in. 2 . A free end of 
the backing to which the adhesive was laminated extended beyond the test substrate 
so that it could be clamped to a load cell to determine peel strength. The sample 
was rolled back and forth twice with a 4.5 lb roller to ensure contact between the 
adhesive and the test substrate. The adhesive was then removed after a given dwell 

25 time (10 sec., 1 minute, or 24 hours) at 12"/minute in a 90° peel mode. 

The values reported are in oz/0.5 in. and represent the average peel 
values (based on two tests) obtained between 1 and 4 inches on a 5 inch peel 
sample. All tests were done at room temperature. 
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Shear Test fTest Procedure cum) 
A 0.5 inch strip of tape was adhered to a piece of stainless steel (304 
stainless steel with a #7 finish) which had been cleaned once with acetone and 3 
times with 50/50 isopropanol/water such that a one-half square inch overlap was 
5 accomplished. A piece of 5 mil anodized aluminum was then laminated to the entire 
area of the pressure sensitive adhesive, leaving an additional area to which a load 
could be applied. The thickness of the adhesive was 5 mils. The sample was then 
rolled twice back and forth with a 15 pound roller and allowed to dwell for four 
hours. The 70°C samples were further allowed to dwell for 10 minutes at 70°C. 
1 0 After dwelling the sample was tested at either room temperature or 70°C. At room 
temperature a 1 kg load was applied to the adhesive and the time before the load 
fell was recorded. At 70°C a 500g load was applied to the adhesive and the time 
before the load fell was recorded. 

The shear data are reported in minutes and represent the average of 

15 two tests. 

Shear Test (Test Procedure C2-TTtt 
One-half inch wide pieces of samples were cut out and laminated to 
5 mil thick anodized aluminum which was 0.625 in. wide. This construction was 

20 placed on stainless steel panels (304 stainless steel with a #7 finish) that had been 
cleaned by wiping once with acetone and 3 times with heptane. Placement was 
such that a 1.0 in. x 0.5 in. adhesive sample (adhesive thickness = 5 mils) was in 
contact with the panel. The adhesive sample was rolled back and forth twice with a 
4.5 lb roller, with some excess material overhanging the sample for attachment of 

25 the weight. The samples were then allowed to dwell for 24 hours before the weight 
was hung on the samples. The 70°C samples were further allowed to dwell for an 
additional 10 minutes in the oven before the weight was applied. For the room 
temperature samples, a 1000 g weight was used, whereas for the 70°C samples a 
500 g weight was used. 

30 The shear data are reported in minutes until the weight fell and 

represent the average of two tests. 
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Phase SsparctiQi) (Tret Prwedtir? D-TH) 
The presence or absence of phase separation was judged by the 
optica] clarity of the resulting polyacrylate/tackifier blend. The visual observation 
5 of opacity was taken to be indicative of a phase separation. 

Examples-Tackified Pressure Sensitive Adhesive 

fitajppte? 1-56 

Example 1: 

10 1 00 parts by weight of iso-octyl acrylate (10 A), iso-bomyl aciylate 

(IBA), and acrylic acid (AA) with a monomer ratio of 80/19.5/0.5 (IOA/IBA/AA) 
was blended with 0.04 parts of benzildimethylketal (KB-1, SARTOMER Company) 
photoinitiator and photopolymerized with an ultraviolet light source under a 
constant nitrogen purge to a viscosity of about 2000 cps. 0.16 parts of additional 

1 5 benzildimethylketal photoinitiator, 0. 1 5 parts of 2,4-bis(trichloromethyl)-6-(4- 
methoxyphenyl), and 20 parts of Regalrez 1085 tackifier resin (Hercules Co.) were 
added to the acrylate syrup and mixed until all of the components had completely 
dissolved. After mixing, the blend was knife- coated at a 5 mil thickness onto a 
silicone-treated polyethylene-coated paper release liner. The composite was then 

20 exposed to ultraviolet radiation having a spectral output from 300-400 with a 
maximum at 351 ran in a nitrogen-rich environment. The average intensity was 

about 2.05 mW/cm 2 . resulting in a total energy of 650 mJ/cm 2 . 

Example 2 was prepared in the same way as Example 1 except 40 
parts of Regalrez 1085 tackifier was used. 
25 Example 3 was prepared in the same way as Example 1 except 

Regalrez 1094 tackifier (Hercules Co.) was used. 

Example 4 was prepared in the same way as Example 1 except 40 
parts of Regalrez 1 094 tackifier was used. 

Example 5 was prepared in the same way as Example 1 except 
30 Regalrez 1 128 tackifier (Hercules Co.) was used. 
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Example 6 was prepared in the same way as Example 1 except 40 
parts of Regalrez 1 128 tackifier was used. 

Example 7 was prepared in the same way as Example 1 except 
Regalrez 6108 tackifier (Hercules Co.) was used. 
5 Example 8 was prepared in the same way as Example 1 except 40 

parts of Regalrez 6108 tackifier was used: 

Example 9 was prepared in the same way as Example 1 except 
Regalrez 3 1 02 tackifier (Hercules Co.) was used. 

Example 10 was prepared in the same way as Example 1 except 40 
10 parts of Regalrez 3 102 tackifier was used. 

Example 1 1 was prepared in the same way as Example 1 except 
Regalrez 5095 tackifier (Hercules Co.) was used. 

Example 12 was prepared in the same way as Example 1 except 40 
parts of Regalrez 5095 tackifier was used. 
15 Example 13 was prepared in the same way as Example 1 except 

Escorez 5340 tackifier (Exxon Co.) was used. 

Example 14 was prepare in the same way as Example 1 except 40 
parts of Escorez 5340 tackifier was used. 

Example 15 was prepared in the same way as Example 1 except 
20 Arakawa KE-3 1 1 tackifier (Arakawa) was used. 

Example 16 was prepared in the same way as Example 1 except 40 
parts of Arakawa KE-3 1 1 tackifier was used. 

Example 17 was prepared in the same way as Example 1 except 
Escorez 5300 tackifier (Exxon Co.) was used. 
25 Example 18 was prepared in the same way as Example 1 except 40 

parts of Escorez 5300 tackifier was used. 

Example 19 was prepared in the same way as Example 1 except 
Arkon E90 tackifier (Arakawa) was used. 

Example 20 was prepared in the same way as Example 1 except 40 
30 parts of Arkon E90 tackifier was used. 
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Example 21 was prepared in the same way as Example 1 except 
Arkon PI 1 5 tackifier (Arakawa) was used. 

Example 22 was prepared in the same way as Example 1 except 40 
parts of Arkon PUS tackifier was used. 
5 Example 23 was prepared in the same way as Example 1 except 

Regalite 90 tackifier (Hercules Co.) was used: 

Example 24 was prepared in the sarnie way as Example 1 except 40 
parts of Regalite 90 tackifier was used. 

Example 25 was prepared in the same way as Example 1 except 
10 Exxon ECR 165B tackifier was used. 

Example 26 was prepared in the same way as Example 1 except 40 
parts of Exxon ECR 165B tackifier was used. 

Example 27 was prepared in the same way as Example 1 except 
Exxon ECR 177 tackifier was used. 
15 Example 28 was prepared in the same way as Example 1 except 40 

parts of Exxon ECR 177 tackifier was used. 

Example 29 was prepared in the same way as Example 1 except 
Arkon Ml 00 tackifier (Arakawa) was used. 

Example 30 was prepared in the same way as Example 1 except 40 
20 parts of Arkon Ml 00 tackifier was used. 

Example 3 1 was prepared in the same way as Example 1 except 
Arkon M90 tackifier (Arakawa) was used. 

Example 32 was prepared in the same way as Example 1 except 40 

parts of Arkon M90 tackifier was used. 
25 Example 33 was prepared in the same way as example 1 except 

Hercotac RT1 10 tackifier (Hercules Co.) was used. 

Example 34 was prepared in the same way as Example 1 except 40 
parts of Hercotac RT1 10 tackifier was used. 

Example 35 was prepared in the same way as example 1 except 
30 Escorez 5380 tackifier (Exxon Co.) was used. 
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Example 36 was prepared in the same way as Example 1 except 40 
parts of Escorez 5380 tackifier was used. 

Example 37 was prepared in the same way as Example 1 except 
Fond 85 tackifier (Hercules Co.) was used. 
5 Example 38 was prepared in the same way as Example 1 except 40 

parts of Foral 85 tackifier was used. 

Example 39 was prepared in the same way as Example 1 except 
Kristalex 5140 tackifier (Hercules Co.) was used. 

Example 40 was prepared in the same way as Example 2 except 40 
1 0 parts of Kristalex 5 1 40 tackifier was used. 

Example 41 was prepared in the same way as Example 1 except 
Hercotac 100S tackifier (Hercules Co.) was used. 

Example 42 was prepared in the same way as Example 1 except 40 
parts of Hercotac 100S tackifier was used. 
15 Example 43 was prepared in the same way as Example 1 except 

Regalite 355 tackifier (Hercules Co.) was used. 

Example 44 was prepared in the same way as Example 1 except 40 
parts of Regalite 355 tackifier was used. 

Example 45 was prepared in the same way as Example 1 except 
20 Wingtack Plus tackifier (Goodyear Co.) was used. 

Example 46 was prepare in the same way as Example 1 except 40 
parts of Wingtack Plus tackifier was used. 

Example 47 was prepared in the same way as Example 1 except 
Hercotac RT 400 tackifier (Hercules Co.) was used. 
25 Example 48 was prepared in the same way as Example 1 except 40 

parts of Hercotac RT 400 tackifier was used. 

Example 49 was prepared in the same way as Example 1 except 
Piccotac HM2162 tackifier (Hercules Co.) was used. 

Example 50 was prepared in the same way as Example 1 except 40 
30 parts of Piccotac HM2162 tackifier was used. 
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Example 51 was prepared in the same way as Example 1 except 
Kristalex 3100 tackifier (Hercules Co.) was used. 

Example 52 was prepared in the same way as Example 1 except 40 
parts of Kristalex 3100 tackifier was used. 
5 Example 53 was prepared in the same way as Example 1 except 

Kristalex 1 120 tackifier (Hercules Co.) was used. 

Example 54 was prepared in the same way as Example 1 except 40 
parts of Kristalex 1 120 tackifier was used. 

Example 55 was prepared in the same way as Example 1 except 
1 0 Piccolyte A135 tackifier (Hercules Co.) was used. 

Example 56 was prepared in the same way as Example 1 except 40 
parts of Piccolyte A135 tackifier was used. 

The inhibition factor and phase separation characteristics of the 
above examples are shown in Table m-2. The polypropylene peel strength of 
15 several samples were determined according to Test Procedure B l-III and are 

reported in Table III-2 as well. If the samples possessed an inhibition factor greater 
than 1.0 the sample was dried in a 120°C oven to reduce the inhibition factor below 
1 prior to testing. The designation n nt" means not tested. The designation "na" 
means not applicable. The designation "nc" means not conclusive. 
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The data of Table ni-2 shows that several commercial tackifiers are 
soluble in the non-polar acrylate pressure sensitive adhesive matrix but that only the 
Regalrez tackifying resins have low inhibition factors as well. 

5 

Examples S7-HS 
Example 57 was prepared in the same way as Example 1 except an 
85/15/0 IOA/IBA/AA monomer ratio was used. 

Example 58 was prepared in the same way as Example 57 except 40 
10 parts of Regalrez 1085 tackifier was used. 

Example 59 was prepared in the same way as Example 1 except an 
85/14/1 IOA/IBA/AA monomer ratio was used. 

Example 60 was prepared in the same way as Example 1 except an 
85/13/2 IOA/IBA/AA monomer ratio was used. 
15 Example 61 was prepared in the same way as Example 1 except an 

85/1 1/4 IOA/IBA/AA monomer ratio was used. 

Example 62 was prepared in the same way as Example 57 except 20 
parts of Regalrez 6108 tackifier was used. 
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Example 63 was prepared in the same way as Example 62 except 40 
parts of Regalrez 6108 tackifier was used. 

Example 64 was prepared in the same way as Example 62 except an 
IOA/IBA/AA ratio of 85/14/1 was used. 
5 Example 65 was prepared in the same way as Example 64 except 40 

parts of Regalrez 61 08 tackifier was used 

Example 66 was prepared in the same way as Example 64 except an 
IOA/IBA/AA ratio of 85/13/2 was used. 

Example 67 was prepared in the same way as Example 66 except an 
10 IOA/IBA/AA ratio of 85/12/3 was used. 

Example 68 was prepared in the same way as Example 57 except 20 
parts of Regalrez 3 102 tackifier was used. 

Example 69 was prepared in the same way as Example 68 except 40 
parts of Regalrez 3 102 tackifier was used. 
15 Example 70 was prepared in the same way as Example 68 except an 

IOA/IBA/AA ratio of 85/14/1 was used. 

Example 71 was prepared in the same way as Example 70 except 40 
parts of Regalrez 3 102 tackifier was used. 

Example 72 was prepared in the same way as Example 70 except an 
20 IOA/IBA/AA ratio of 85/13/2 was used. 

Example 73 was prepared in the same way as Example 72 except an 
IOA/IBA/AA ratio of 85/12/3 was used. 

Example 74 was prepared in the same way as Example 57 except 20 
parts of Regalrez 1094 tackifier was used. 
25 Example 75 was prepared in the same way as Example 74 except 40 

parts of Regalrez 1 094 tackifier was used. 

Example 76 was prepared in the same way as Example 74 except an 
IOA/IBA/AA ratio of 85/1 4/1 was used. 

Example 77 was prepared in the same way as Example 74 except an 
30 IOA/IBA/AA ratio of 85/13/2 was used. 
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Example 78 was prepared in the same way as Example 57 except an 
IOA/IBA/AA ratio of 90/9/1 was used. 

Example 79 was prepared in the same way as Example 78 except an 
IOA/IBA/AA ratio of 81/13/1 was used. 
5 Example 80 was prepared in the same way as Example 79 except 30 

parts of Regalrez 1085 was used. 

Example 81 was prepared in the same way as Example 79 except an 
IOA/IBA/AA ratio of 76/23/1 was used. 

Example 82 was prepared in the same way as Example 81 except 40 
10 parts of Regalrez 1085 was used. 

Example 83 was prepared in the same way as Example 81 except an 
IOA/IBA/AA ratio of 8 1/1 7/2 was used. 

Example 84 was prepared in the same way as Example 81 except an 
IOA/IBA/AA ratio of 76/22/2 was used. 
15 Example 85 was prepared in the same way as Example 62 except an 

IOA/IBA/AA ratio of 90/9/1 was used. 

Example 86 was prepared in the same way as Example 85 except 30 
parts of Regalrez 6108 was used. 

Example 87 was prepared in the same way as Example 85 except an 
20 IOA/IBA/AA ratio of 81/18/1 was used. 

Example 88 was prepared in the same way as Example 87 except 40 
parts of Regalrez 5108 was used. 

Example 89 was prepared in the same way as Example 85 except an 

IOA/IBA/AA ratio of 76/23/1 was used. 
25 Example 90 was prepared in the same way as Example 89 except 40 

parts of Regalrez 5108 was used. 

Example 91 was prepared in the same way as Example 85 except an 
IOA/IBA/AA ratio of 90/8/2 was used. 

Example 92 was prepared in the same way as Example 91 except an 
30 IOA/IBA/AA ratio of 85/13/2 was used. 
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Example 93 was prepared in the same way as Example 92 except an 
IOA/IBA/AA ratio of 81/17/2 was used. 

Example 94 was prepared in the same way as Example 93 except 30 
parts of Regalrez 6108 was used. 
5 Example 95 was prepared in the same way as Example 94 except 40 

parts of Regalrez 6 1 08 was used. 

Example 96 was prepared in the same way as Example 92 except an 
IOA/IBA/AA ratio of 76/22/2 was used. 

Example 97 was prepared in the same way as Example 96 except 30 
10 parts of Regalrez 6108 was used. 

Example 98 was prepared in the same way as Example 97 except 40 
parts of Regalrez 6108 was used. 

Example 99 was prepared in the same way as Example 68 except an 
IOA/IBA/AA ratio of 90/9/1 was used. 
15 Example 100 was prepared in the same way as Example 99 except 

3 0 parts of Regalrez 3 1 02 was used. 

Example 101 was prepared in the same way as Example 68 except 
an IOA/IBA/AA ratio of 81/18/1 was used. 

Example 102 was prepared in the same way as Example 101 except 
20 30 parts of Regalrez 3 102 was used. 

Example 103 was prepared in the same way as Example 68 except 
an IOA/IBA/AA ratio of 76/23/1 was used. 

Example 104 was prepared in the same way as Example 103 except 
30 parts of Regalrez 3102 was used. 
25 Example 105 was prepared in the same way as Example 68 except 

an IOA/IBA/AA ratio of 90/8/2 was used. 

Example 1 06 was prepared in the same way as Example 68 except 
an IOA/IBA/AA ratio of 81/17/2 was used. 

Example 107 was prepared in the same way as Example 106 except 
30 40 parts of Regalrez 3 102 was used. 
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Example 108 was prepared in the same way as Example 68 except 
an IOA/ffiA/AA ratio of 76/22/2 was used. 

Example 109 was prepared in the same was as Example 74 except 
10 parts of Regalrez 1094 was used and a monomer ratio of 90/9/1 IOA/EBA/AA 
5 was used. 

Example 1 10 was prepared in the same way as Example 74 except a 
monomer ratio of 81/18/1 IOA/IBA/AA was used. 

Example 1 1 1 was prepared in the same way as Example 109 except 
a monomer ratio of 76/23/1 IOA/IBA/AA was used. 
10 Example 112 was prepared in the same way as Example 1 1 1 except 

20 parts of Regalrez 1094 was used. 

Example 1 13 was prepared in the same way as Example 109 except 
10 parts of Regalrez 3102 was used, 0.09 parts of 2,4-bis(trichloromethyl)-6-(4- 
methoxyphenyl)-s-triazine crosslinker was used, N-octyl acrylamide (NOA) was 
15 used instead of IBA, and the monomer ratio was 89/10.5/0.5 IOA/NOA/AA. 

Example 114 was prepared in the same way as Example 113 except 
that 30 parts Regalrez 3 102 was used. 

Example 115 was prepared in the same way as Example 62 except 
an IOA/EBA/AA ratio of 95/4.75/0.25 was used and 25 parts Regalrez 6108 was 
20 used. 

Cqmparatjye Example CI 

90 parts by weight of iso-octyl acrylate (IOA) and 10 parts aciylic 
acid (AA) were blended with 0.04 parts of 2,2-dimethoxy-2-phenylacetophenone 

25 photoinitiator (Irgacure™ 65 1, available from Ciba-Geigy Corp.) and 

photopolymerized with an ultraviolet light source under a constant nitrogen purge 
to a viscosity of about 3000 cps. 0.16 parts of additional 2,2-dimethoxy-2- 
phenylacetophenone photoinitiator and 0.15 parts of 2,4-bis(trichloromethyl)-6-(4- 
methoxyphenyl)-s-triazine were added to the acrylate syrup and mixed until all of 

30 the components had completely dissolved. After mixing the blend was knife-coated 
at a 5 mil thickness onto a silicone-treated polyethylene-coated paper release liner. 
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The composite was then exposed to ultraviolet radiation having a spectral output 
from 300-400 with a maximum at 351 nm in a nitrogen-rich environment. An 

intensity of about 1 .0 mW/cm 2 was used for the first one-third of the exposure time 

and an intensity of about 2.2 mW/cm 2 was used for the second two-thirds of the 

5 exposure time, resulting in a total energy of 250 mJ/cm 2 . 

Comparative example C2 was prepared in the same way as 
comparative example CI except a premix of 94 parts IOA and 6 parts AA was 
used. 

Comparative example C3 was prepared in the same way as 
10 comparative example CI except a premix of 100 parts IOA and 0 parts AA was 
used. 

The data of Example 57-1 15 and comparative examples CI, C2, and 
C3 are shown in Table III-3. Test procedures Al-III, Bl-III, and Cl-III were used 
to generate the data. The designation "nt" means not tested. 

15 

TABLE m-3 



Ex. 


StSt. 


Poly- 


Room Temp 


70°C 


Percent 




Peel 


propylene 


Shear 


Shear 


Conversion 




(lb/0.5") 


peel (lb/0.5") 








57 


3.83 


3.63 


313 


35 


>98.5% 


58 


3.73 


3.87 


1006 


6 


>98.5% 


59 


4.15 


4.05 


5867 


10K+ 


>98.5% 


60 


2.66 


2.84 


7222 


10K+ 


>98.5% 


61 


2.71 


2.75 


10K+ 


859 


>98.5% 


62 


3.15 


3.64 


535 


34 


>98.5% 


63 


4.03 


6.24 


719 


23 


>98.5% 


64 


4.22 


3.54 


7223 


10K+ 


>98.5% 


65 


5.33 


6.84 


2916 


41 


>98.5% 


66 


6.92 


3.85 


10K+ 


10K+ 


>98.5% 


67 


4.04 


3.30 


10K+ 


10K+ 


>98.5% 


68 


3.21 


2.52 


880 


30 


>98.5% 


69 


4.24 


2.57 


632 


5 


>98.5% 


70 


4.11 


2.67 


4900 


10K+ 


>98.5% 


71 


4.94 


3.04 


i 1338 


12 


>98.5% 


72 


3.62 


2.58 


10K+ 


10K+ 


>98.5% 


73 


4.27 


3.63 


10K+ 


10K+ 


>98.5% 
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Ex. 


St.St. 

Peel 

(Ib/0.5 n ) 


Poly- 
propylene 
peel Ob/0.5") 


Room Temp 
Shear 


70°C 
Shear 


Percent 
Conversion 


74 


2.58 


3.24 


708 


nt 


>98.5% 


75 


3.22 


3.26 


1301 


nt 


>98.5% 


[ 76 


3.50 


3.54 


10K+ 


10K+ 


>98.5% 


77 


3.90 


3.38 


10K+ 


10K+ 


>98.5% 


78 


2.69 


3.55 


2003 - 


1870 


>98.5% 


79 


3.24 


3.57 


10K+ 


3961 


>98.5% 


80 


2.57 


I 2.47 


1865 


27 


>98.5% 


81 


4.32 


3.34 


4639 


1714 


>98.5% 


82 


3.00 


3.91 


242 


5 


>98.5% 


83 


3.05 


3.00 


5021 


1902 


>98.5% 


84 


3.39 


3.56 


3040 


888 


>98.5% 


85 


3.28 


2.82 


10K+ 


10K+ 


>98.5% 


86 


3.36 


4.87 


10K+ 


5307 


>98.5% 


87 


4.96 


3.01 


10K+ 


10K+ 


>98.5% 


88 


5.60 


5.65 


2094 


22 


>98.5% 


89 


3.76 


3.43 


10K+ 


1376 


>98.5% 


90 


4.76 


3.10 


5605 


18 


>98.5% 


91 


3.34 


2.87 


10K+ 


10K+ 


>98.5% 


92 


6.92 


3.85 


10K+ 


10K+ 


>98.5% 


93 


4.86 


3.35 


10K+ 


10K+ 


>98.5% 


94 


4.20 


4.61 


10K+ 


1287 


>98.5% 


95 


5.73 


3.18 


10K+ 


60 


>98.5% 


96 


4.55 


1.75 


10K+ 


10K+ 


>98.5% 


97 


5.88 


5.44 


10K+ 


207 


>98.5% 


98 


4.58 


4.38 


7187 


26 


>98.5% 


99 


3.08 


2.29 


10K+ 


10K+ 


>98.5% 


100 


4.55 


2.43 


4516 


1795 


>98.5% 


101 


4.64 


3.22 


5396 


10K+ 


>98.5% 


102 


4.68 


1.63 


2513 


13 


>98.5% 


103 


3.81 


3.00 


6798 i 


10K+ 


>98.5% 


104 


4.89 


1.64 


10K+ 


155 


>98.5% 


105 


3.72 


2.41 


10K+ 


10K+ 


>98.5% 


106 


3.61 


1.96 


10K+ 


10K+ 


>98.5% 


107 


6.63 


4.62 


4906 


49 


>98.5% 


108 


4.46 


4.11 


10K+ 


10K+ 


>98.5% 


109 


2.38 


2.85 


223 


10K+ 


>98.5% 


110 


3.06 


3.90 


10K+ 


10K+ 


>98.5% 


111 


2.68 


3.05 


10K+ 


10K+ 


>98.5% 


112 


4.58 


4.54 


10K+ 


10K+ 


>98.5% 


113 


2.65 


2.46 


2297 


150 


>98.5% 
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Ex. 


StSt. 
Peel 
flh/O 5"1 


Poly- 
propylene 
oeel flb/0.5") 


Room Temp 
Shear 


70°C 
Shear 


Percent 
conversion 


114 


3.66 


4.06 


616 


12 


>98.5% 


115 


nt 


nt 


2504 


329 


>98.5% 


CI 


5.33 


0.43 


10.000+ 


10,000+ 


>98.5% 


C2 


3.73 


1.29 


10,000+ 


10,000+ 


>98.5% 


C3 


1.35 


1.53 


- 2 


3 


>98.5% 



F^mples 1 16-124 , 

EXAMPLE 116 

5 83 parts 10 A and 17 parts IB A were mixed together in ajar under a 

constant nitrogen purge along with 0.04 parts of Irgacure 651 photoinitiator from 
Ciba-Geigy Corp. (2,2-dimethoxy-2-phenylacetophenone). This mixture was 
exposed to a low intensity ultraviolet light under a constant nitrogen purge while 
stimng until a coatable viscosity syrup was obtained. The conversion of this syrup 

10 was between 4 and 10% and the viscosity was about 3,000 cps. 0.12 parts of 2,4- 
bis(trichloromethyl)-6-(3,4-dimethoxyphenyl)-s-triazine and an additional 0.16 parts 
Irgacure 651 were then added to the prepolymerized syrup, along with 20.5 parts of 
Regalrez 6108 tackifier (Hercules Co.). The ingredients were mixed thoroughly 
until homogeneous and then knife-coated at a 5 mil thickness onto a silicone-treated 

1 5 polyethylene-coated paper release liner. The composite was then exposed to 

ultraviolet radiation having a spectral output from 300-400 with a maximum at 351 
ran m a nitrogen-rich environment. The average intensity was about 2.05 mW/cm 2 . 

resulting in a total energy of 650 mJ/cm 2 . 

Example 1 17 was prepared in the same way as example 1 16 except 
20 that the monomer mixture was 77 parts IOA and 23 parts DBA. Also, 13.6 parts 

Regalrez 6108 was used. 

Example 1 1 8 was prepared in the same way as example 1 16 except 
that the monomer mixture was 71 parts IOA and 21 parts B3A. Also, 7.5 parts 
Regalrez 6108 was used. 
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Example 1 19 was prepared in the same way as example 1 16 except 
that the monomer mixture was 84 parts 10 A, 1 5 parts IBA, and 1 part AA. Also, 

20.5 parts Regalrez 6108 was used. 

Example 120 was prepared in the same way as example 1 16 except 
5 that the monomer mixture was 81 parts IOA, 18 parts IBA, and 1 part AA. Also, 

17.6 parts Regalrez 6108 was used. 

Example 121 was prepared in the same way as example 1 16 except 

that the monomer mixture was 72 parts IOA, 27 parts IBA, and 1 part AA. Also, 

7.5 parts Regalrez 6108 was used. 
10 Example 122 was prepared in the same way as example 1 16 except 

that the monomer mixture was 83 parts IOA and 17 parts IBA. Also, 5 parts 

Regalrez 6108 was used. 

Example 123 was prepared in the same way as example 122 except 

that 1 5 parts Regalrez 6 1 08 was used. 
15 Example 124 was prepared in the same way as example 122 except 

that 30 parts Regalrez 6108 was used. 

Comparative Example C4 

94 parts IOA and 6 parts AA were mixed together in a jar under a 
20 constant nitrogen purge along with 0.04 parts of Irgacure 65 1 photoinitiator from 
Ciba-GeigyCorp. (2,2-dimethoxy-2-phenylacetophenone). This mixture was 
partially polymerized under a nitrogen-rich atmosphere to provide a coatable syrup 
having a viscosity of about 3,000 cps. 0. 16 parts of 2,4-bis(trichloromethyl)-6-(3,4- 
dimethoxyphenyl>s-triazine and an additional 0.16 parts Irgacure 651 were then 
25 added to the prepolymerized syrup and it was then knife-coated onto a release 
coated paper backing at a thickness of 5 mils. The resulting coating.was then 
exposed to ultraviolet radiation having a spectral output from 300-400 with a 
maximum at 351 nm in a nitrogen-rich environment. The average intensity was 
about 2.05 mW/cm 2 . resulting in a total energy of 650 mJ/cm 2 . 
30 Comparative example C5 was prepared in the same way as 

comparative example C4 except that a premix of 10 parts AA and 90 parts IOA was 
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used.. In addition, 0.12 parts triazine was used. Comparative example C6 was 
prepared in the same way as comparative example C4 except that a premix of 14 
parts AA and 86 parts 10 A was used. 

Peel and shear data for examples 1 16-124 and comparative examples 
5 C4, C5, and C6 are set forth in Table m-4. The data was generated according to 

Test Procedures A2-III, B2-III, and C2-HI. 

\ 

\ 
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IV. VftnrtiQn Damping AdhegivgS 

Example 1 

A composition was prepared by mixing 67 parts isooctyl acrylate, 32 
parts isobomyl acrylate, 1 part acrylic acid, and 0.04 part benzil dimethyl ketal 
5 photoinitiator (KB-1 from Sartomer). The mixture was partially polymerized in a 
nitrogen rich atmosphere using fluorescent black lights to a syrup having a viscosity 
of about 3000 centipoise. An additional 0.16 part KB-1 photoinitiator and 0.1S 
part hexane dioldiacrylate were added to the syrup, which was then mixed and knife 
coated to a thickness of about SO microns onto a silicone-treated, polyethylene 

10 coated paper release liner The coated mixture was exposed to ultraviolet radiation 
having a major portion of the spectral output between 300 and 400 nanometers, 
with a maximum at 351 nanometers, and at an intensity of about 2 milliWatts/cm 2 . 
The total energy was about 650 milliJoules/cm 2 . The resulting sheet material was 
then laminated to a 0.165 mm thick panel of cold rolled steel to form a constrained 

15 layer damper. 

The constrained layer damper was cut to a dimension of 20.3 
centimeters by 20.3 centimeters and laminated to an automotive door panel The 
door panel with the damper was suspended with Tygon tubing, and an 
accelerometer (Model 22 from Endevco Co., San Juan Capistrano, C A) was 

20 attached to the door panel and wired to a Fast Fourier Transform (FFT) analyzer 
(Model 2630 Analyzer from Tektronix). The analyzer was also attached to an 
impact hammer (obtained from PCB, DePew, NY). In testing, the impact hammer 
was used to strike the panel, which caused various modes of excitation or vibration 
to occur within the panel. The acceleration was then measured as a function of 

25 time, and the FFT analyzer was used to convert the results to acceleration as a 
function of frequency. The frequencies (FREQ) of the first eight modes were 
determined using STAR Modal software from Structural Measurement Systems, 
Milipitas, CA. The average loss factors (AVG) for all eight modes were also 
calculated. 

30 In comparison, the test was also conducted on the same door panel 

without a damper, and also with a commercially accepted damper (measuring 20.3 
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cm by 20.3 cm) having 1.78 millimeters of a black mastic material on a 0.10 mm 
thick aluminum constraining layer. All of the test results are shown in Table IV-1 



| TABLE IV-1 






Example 1 


No Damper 


Commercis 


il Damper 


■■ 


FREQ- 
HZ 


LOSS 


FREQ- 
HZ 


LOSS 


FREQ- 
HZ 


LOSS 


1 


61.8 


0.01036 


61.5 


0.00326 


60.4 


.00222 


2 


76.0 


0.00800 


75.9 


0.00718 


76.1 


0.00768 [ 


3 


99.1 


0.00750 


99.5 


0.00538 


98.4 


0.00544 


4 


117.0 


0.00630 


116.9 


0.0037 


119.4 


0.00212 


5 


135.1 


0.01512 


130.9 


0.00674 


130.7 


0.00942 


6 


140.0 


0.02182 


136.0 


0.00502 


136.3 


0.01988 


7 


146.4 


0.00608 


142.5 


0.00350 


143.5 


0.00212 


8 


151.0 


0.01614 


148.6 


0.00696 


147.9 


0.01386 | 






0.01142 




0.00522 




0.00790 | 



The data in Table 1 show that vibration damping composites, i.e., 
constrained layer dampers, of the invention provide superior damping as compared 
to commercial products as shown by the greater loss factor. 

Other embodiments are within the following claims. 
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What is claimed is: 

1. A damping construction comprising at least one layer of a 
viscoelastic material applied to a vibratory solid article, said viscoelastic material 
comprising the reaction product of starting materials comprising: 

(a) 3-97 parts by weight of an acrylic acid ester of a monohydric alcohol 
whose homopolymer has a T g less than 0°C; 

(b) 3-97 parts by weight of a non-polar ethylenically unsaturated monomer 
whose homopolymer has a solubility parameter of no greater than 10.50 and a Tg 
greater than 1S°C; and 

(c) 0-5 parts by weight of a polar ethylenically unsaturated monomer whose 
homopolymer has a solubility parameter of greater than 10.50 and a T g greater than 
15°C, 

and substantially no epoxy component. 

2. A damping construction comprising at least one layer of an adhesive 
applied to a vibratory solid article, said adhesive being a pressure sensitive adhesive 
comprising the reaction product of starting materials comprising: 

(a) 25-97 parts by weight of an acrylic acid ester of a monohydric alcohol 
whose homopolymer has a Tg less than 0°C; 

(b) 3-75 parts by weight of a non-polar ethylenically unsaturated monomer 
whose homopolymer has a solubility parameter of no greater than 1 0.50 and a T g 
greater than 15°C; and 

(c) 0-5 parts by weight of a polar ethylenically unsaturated monomer whose 
homopolymer has a solubility parameter of greater than 10.50 and a T g greater than 
15°C, 

the relative amounts of said acrylic acid ester, said non-polar ethylenically 
unsaturated monomer, and said polar ethylenically unsaturated monomer being 
chosen such that the 90° peel adhesion of said reaction product to a polypropylene 
surface is at least 2 lbs/0.5 in. after a 72 hour dwell at room temperature as 
measured according to Test Procedure B-I. 
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3. A damping construction comprising at least one layer of an adhesive 
applied to a vibratory solid article, said adhesive being a pressure sensitive adhesive 
comprising the reaction product of starting materials comprising: 
5 (a) 25-97 parts by weight of an acrylic acid ester of a monohydric alcohol 

whose homopolymer has a T g less than 0°C; - 

(b) 3-75 parts by weight of a non-polar ethylenically unsaturated monomer 
whose homopolymer has a solubility parameter of no greater than 10.50 and a T g 
grcaterthanl5°C;and 

10 (c) 0-5 parts by weight of a polar ethylenically unsaturated monomer whose 

homopolymer has a solubility parameter of greater than 10.50 and a T g greater than 

15°C, 

the relative amounts of said acrylic acid ester, said non-polar ethylenically 
unsaturated monomer, and said polar ethylenically unsaturated monomer being 
15 chosen such that the 90 9 peel adhesion of said reaction product to a surface 

provided with 1 .5± 0.25 mg/in* oil is greater than zero after a 10 second dwell at 
room temperature as measured according to Test Procedure B-II. 

4. A damping construction comprising at least one layer of an adhesive 
20 applied to a vibratory solid article, said adhesive being a pressure sensitive adhesive 
comprising 

(a) the reaction product of starting materials comprising: 
0) 25-98 parts by weight of an acrylic acid ester of a monohydric alcohol 
whose homopolymer has a T g less than 0°C; 
25 („) 2-75 parts by wdghtofa non-polar ethylenically unsaturated monomer, 

other than a methacrylate monomer, whose homopolymer has a solubility parameter 
of no greater than 10.50 and a T g greater than 1 5°C; and 

(Hi) 0-5 parts by weight of a polar ethylenically unsaturated monomer whose 
homopolymer has a solubility parameter of greater than 10.50 and a T g greater than 

30 15°C;and 

-53- 



WO 96/16134 



PCT/US95/13186 



(b) at least one tackifier that is miscible in said reaction product at room 
temperature, with the proviso that the pressure sensitive adhesive contains 
essentially no emulsifier. 

5 5. The damping construction of claim 4, wherein the relative amounts 

of said acrylic add ester, said non-polarwhylenically unsaturated monomer, and 
said polar ethylenically unsaturated monomer are chosen such that the 90° peel 
adhesion of said adhesive to a polypropylene surface isat least 2 lbs/0.5 in. after a 
72 hour dwell at room temperature as measured according to Test Procedure Bl- 

io m. 

6. The damping construction of claim 1, comprising 40-85 parts by 
weight of said acrylic acid ester. 

15 7. The damping construction of claim 1, comprising 1 5-60 parts by 

weight of said non-polar ethylenically unsaturated monomer. 

8. The damping construction of claim 1, comprising a non-polar 
ethylenically unsaturated monomer other than a methacrylate monomer 

20 

9. The damping construction of claim 1, comprising a non-polar 
ethylenically unsaturated monomer selected from the group consisting of 3,3,5 
trimethylcyclohexyl acrylate, cyclohexyl acrylate, isobornyl acrylate, N-octyl 
acrylamide, t-butyl acrylate, and combinations thereof. 

25 

10. The damping construction of claim 1, wherein said non-polar 
ethylenically unsaturated monomer is isobornyl acrylate. 

1 1. The damping construction of claim 1, comprising the reaction 
30 product of isooctyl acrylate and isobornyl acrylate. 
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